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$\mathrm{D}\mathrm{E}\mathrm{A}$ (Data envelopment analysis)
DEA







$n$ (DMU ) DMU ?7 $l$ $s$











$(X_{o}, Y_{o})=(z\mathrm{Y}_{jj}, \mathrm{Y}),$ $j–1,$ $\ldots,$ $n$ $n$ $w_{O}^{*}$
$w_{o}^{*}=1$ DMU $w_{O}^{*}<1$ DMU
2 DEA




$x_{j}^{k}$ , $k=1,$ $\ldots,$ $N_{j}$ $x_{\dot{j}}^{k}$ \mu j $\text{ _{ } }\sigma_{j}^{2}$
\mbox{\boldmath $\sigma$}j2




: $i$ $\sigma_{j}^{2}=\sigma^{2}$ .













$1V(x_{j})=\sigma_{j}^{2},$ $\sigma_{j}=K\mu_{j}$ $f(x_{j})$ $x_{j}=\mu_{j}$ $f(x_{j})=f(\mu_{j})+$
$f’(\mu_{j})(X_{j}-\mu_{j})+\ldots$ $E[f(x_{j})]=f(\mu_{j})$ $V[f(x_{j})]=\{f’(\mu_{j})\}^{2}\sigma_{j}^{2}$
$V[f(.x_{j})|$ $j$ $f$ $j’(\mu j\rangle$ $\sigma_{j}$
$f’(x)_{X}=1$ $f(x)=\log(x)$ $V[\log(X_{j}.\rangle]=K^{2}$ $i$ –
$22\sigma_{j}=g(\mu_{j},)$ $f$ $\{f’(x)\}^{\underline{9}}g(x)=1$





















: $\overline{\theta}=\frac{1}{N}\sum_{t=1}^{N}\theta_{t}$ $s_{\theta}^{2}= \frac{1}{N-1}\Sigma_{t=1}^{N2}(\theta_{t}-\overline{\theta})$











$0$ \mbox{\boldmath $\delta$} $=(\delta_{x}$ , \mbox{\boldmath $\delta$}












$m+s$ $\chi^{2}$ \alpha % \mbox{\boldmath $\delta$} \alpha (5)
$\mathrm{D}\mathrm{M}\mathrm{U}_{\circ}$ \mbox{\boldmath $\delta$} .
.
$\mathrm{D}\mathrm{M}\mathrm{U}_{\mathrm{o}}$ \mbox{\boldmath $\delta$} $=(\delta_{x}, \delta_{y})$ $(X_{o}+\delta_{x}, Y_{O}-\delta)y$
$| \max_{u}\mathrm{s}\mathrm{u}\mathrm{b}\mathrm{j}\mathrm{e}.\mathrm{C}\mathrm{t}$
to
$u_{Y-u’}’l)’u\tilde{w},\cdot o(\delta)(X\circ+v\geq\epsilon=.\tau_{\mathrm{Y}\leq 0}’\wedge\delta_{x}.’)=(\mathrm{Y}’O-,\delta 1,y)$ (6)















$\min_{\delta,\theta,\backslash ,sS},+,-$ $z_{o}(\alpha)=\theta-\epsilon^{\prime+\prime-}s-\epsilon s$
.
subject to $Y\lambda-s^{+}=Y_{o}-\delta_{y}$ ,
$\overline{X}\lambda+s^{-}=\theta(X_{o}+\delta_{x})$ , (9)








\alpha ma8 \alpha ma $\mathrm{D}\mathrm{M}\mathrm{U}_{O}$
(reliability) .
. \alpha ma Andersen and Petersen (1993)
$\mathrm{S}\mathrm{E}|\min_{\mathrm{s}\mathrm{u}\mathrm{b}\mathrm{j}\mathrm{e}}\theta,\lambda \mathrm{C}\mathrm{t}$
to
$x_{-}Y_{-\mathit{0}_{\lambda}}\lambda\geq 0_{\backslash }\hat{z}_{O}=\theta 0\lambda\geq\leq\theta^{\circ}XY,$
$O$ ’
(11)
. $X_{-O}=(X_{1}, \ldots, x_{o-}1, \lrcorner \mathrm{Y}x)\mathit{0}+1,$$\ldots,n$ $\mathrm{Y}_{-O}^{f}=(\mathrm{Y}_{1}, \ldots, Y_{\mathrm{o}-}1, \}\prime \mathit{0}+1\cdots., \iota_{n}^{r})$ $0$
$\mathrm{D}\mathrm{M}\mathrm{U}_{o}$ B 1




subject to $Y_{-O}\lambda\geq Y_{O}-\delta_{y}$ ,












\theta $=1$ (12) $\alpha$ \geq \alpha ma \alpha ma
$\theta=1$ \alpha $\chi_{m+}^{2}s^{(\alpha)}=\delta’\Sigma_{\overline{\mathit{0}}^{1}}\delta \text{ }ffi^{\backslash }$
\mbox{\boldmath $\delta$}’\Sigma -1\mbox{\boldmath $\delta$} \alpha 2 $\alpha_{\max}$
$\min_{\lambda,\delta}$ $\triangle=\delta’\Sigma-1\delta \mathit{0}$
’









$(X_{\text{ }}, Y_{\circ})$ $d$ $\text{ }d_{x1}>d_{x2}$
-1 -2








$A\mathrm{Y}_{-}o_{0}\lambda.\leq Y_{-\mathit{0}}\triangle(\lambda\geq\theta\lambda\geq Y)=\delta^{\prime_{\nabla_{o^{1}}}}arrow-\delta\theta(\mathrm{s}\mathrm{Y}\circ+O-\delta_{y}’, \delta_{x})_{\backslash }$
.
(19)
\alpha (\theta ) $\chi_{m+s}^{2}(\alpha(\theta))=\triangle*(\theta)$ $\theta$ \theta $\alpha(\theta)$






2 1 5 DMU
$\mathrm{A}(3,5),$ $\mathrm{B}(\bm{5},3),$ $\mathrm{C}(8,2),$ $\mathrm{D}(9,2),$ $\mathrm{E}(5,5)$ DMMMU $\mathrm{A},$ $\mathrm{B},$ $\mathrm{C}$ DMU $\mathrm{D}$
$\mathrm{E}$ DMU $\mathrm{D}$ 1 1
$\sigma_{x1}^{2}=0.8^{2},$ $\sigma_{x2}^{2}=0.5^{2}$
DMU
DMU $\mathrm{B}$ $\hat{z}_{B}=$ 1.133 DMU $\mathrm{B}$
$\min_{\lambda,\mathit{6}}$ $+$
subject to $3\lambda_{A}+8\lambda_{C}+9\lambda_{D}+5\lambda_{E}\leq 5+\delta_{1}$
$\mathrm{P}_{B}$
$5\lambda_{A}+2\lambda C+2\lambda D+5\lambda_{E}\leq 3+\delta_{2}$ (20)
$\lambda_{A}+\lambda_{C’}.+\lambda_{D}+\lambda_{E}\geq 1$
$\lambda_{A},$ $\lambda_{c},,$ $\lambda_{D},$ $\lambda E\geq 0^{\cdot}$ .
$\triangle^{*}=$ 1.3322, $\delta_{1}^{*}=0.639,$ $\delta_{2}^{*}=0.416,$ $\lambda_{A}^{*}=0.472,$ $\lambda_{C}^{*},$ $=0.528,$ $\lambda_{D}^{*}=\lambda_{E}^{*}=0$
$\chi_{2}^{2}(.4863)=$ 1.3322 $\mathfrak{a}_{\mathrm{m}\mathrm{a}\text{ }}$ =48.6%
$d_{1}$ =0.80 $d_{2}=0.83$ $\delta_{1}^{*}$ \mbox{\boldmath $\delta$} $\delta_{1}^{*}$ $\delta$;
DMU $\mathrm{C}$ \tilde ’^c $=$ 1.0625 DMU $\mathrm{C}^{\mathrm{t}}$,
$\min_{\lambda,\delta}$ $+$
subject to $3\lambda_{A}+5\lambda_{B}+9\lambda_{D}+5\lambda_{E}\leq 8+\delta_{1}$
$\mathrm{P}_{C}$





2: Ellipsoids of Reliability
$\text{ }1$ : Reliability of efficient DMUs
DMU
A $\mathrm{B}$ $\mathrm{C}$ $\mathrm{D}$ $\mathrm{E}$
:2 1667 1.133 1063 1000 0.800
: $\sqrt{\triangle*}$ 2.500 1.154 0.464 0.000 –
$\delta_{1}^{*}$ 2.000 0.639 0.138 0.000
$\delta_{2}^{*}$ 0.000 0.416 0.216 0.000
$d_{1}$ 2.500 0.799 0.173 0.000
$d_{2}$ 0.000 0.832 0.432 0.000
: $\alpha_{\max}$ 95.6% 48.6% 102% 0.0%
90% 1 908 . .824 .751. .665
:$:9:\cdot\cdot 9.55\%\%\text{ }.\underline{\text{ ^{}\prime}\text{ }|\text{ }*1\cdot..884.799.731.650}$
.
$\triangle^{*}=0.2155,$ $\delta_{1}^{*}=0.138,$ $\delta_{2}^{*}=0.216,$ $\lambda_{B}^{*}=0.216,$ $\lambda_{D}^{*}=0.784,$ $\lambda_{A}^{*}=\lambda_{E}^{*}=0$
$\chi_{2}^{2}(.1022)$. $=0.2155$ \alpha max
$=$ 10.2%
$d_{1}=0.17$ $d_{2}=0.43$ 2 1
2 DMU $\mathrm{A},$ $\mathrm{B},$ $\mathrm{C}$ .
$|$
’
$\overline{\mathrm{T}\prime\backslash }$ 1 :..
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